We report that a lipoprotein-based nanoplatform generated by conjugating tumor-homing molecules to the protein components of naturally occurring lipoproteins reroutes them from their normal lipoprotein receptors to other selected cancer-associated receptors. Multiple copies of these targeting moieties may be attached to the same nanoparticle, or a variety of different targeting moieties can be attached. Such a diverse set of tumor-homing molecules could be used to create a variety of conjugated lipoproteins as multifunctional, biocompatible nanoplatforms with a broad application to both cancer imaging and treatment. The same principle can be applied to imaging and treatment of other diseases and for monitoring specific tissues. To validate this concept, we prepared a low-density lipoprotein (LDL)-based folate receptor (FR)-targeted agent by conjugating folic acid to the Lys residues of the apolipoprotein B (apoB)-100 protein. To demonstrate the ability of the lipoprotein-based nanoplatform to deliver surfaceloaded and core-loaded payloads, the particles were labeled either with the optical reporter 1,1-dioctadecyl-3,3,3,3-tetramethylindocarbocyanine that was intercalated in the phospholipid monolayer or with the lipophilic photodynamic therapy agent, tetra-tbutyl-silicon phthalocyanine bisoleate, that was reconstituted into the lipid core. Cellular localization of the labeled LDL was monitored by confocal microscopy and flow cytometry in FR-overexpressing KB cells, in FR-nonexpressing CHO and HT-1080 cells, and in LDL receptor-overexpressing HepG 2 cells. These studies demonstrate that the folic acid conjugation to the Lys side-chain amino groups blocks binding to the normal LDL receptor and reroutes the resulting conjugate to cancer cells through their FRs.
N
anoplatforms are nanoscale structures designed as general platforms for multifunctional diagnostic and therapeutic devices. Most of the reported nanoplatforms are synthetic, consisting of structures such as dendrimers (1) , silica-coated micelles (2) , polymeric (3, 4) and ceramic (5, 6) nanoparticles, perfluorocarbon emulsions (7), cross-linked liposomes (8, 9) , and magnetic surface-coated (10) and semiconductor (11) nanoparticles. Most of these nanostructures are easily manipulated, providing the opportunity to add a variety of molecules (payloads) to the surface and͞or interior of the nanoparticle. These nanoparticles can be targeted to cancer cells or the tumor vasculature by attaching monoclonal antibodies or cell-surface receptor͞transporter ligands that bind specifically to molecules found on the surfaces of the target cells. One common concern is the biocompatibility of these elegant nanoplatforms, which is closely related to their short-and long-term toxicity.
Lipoproteins are natural nanostructures that transport cholesterol and other lipids in the blood. Lipoproteins share a common structure consisting of an apolar core surrounded by a shell composed of a phospholipid monolayer containing unesterified cholesterol and one or more apolipoproteins. The five main lipoprotein classes with characteristic sizes, densities, lipids, and apolipoproteins are listed in descending order of size and ascending order of density (the diameter range is indicated in parentheses): chylomicrons (75-1,200 nm), very low-density lipoprotein (LDL) (30-80 nm) , intermediate LDL (25-35 nm) , LDL (18-25 nm) , and high-density lipoprotein (HDL) (8-12 nm) . Being endogenous carriers, lipoproteins escape recognition as foreign entities by the human immune system and escape absorption by the reticuloendothelial system (12) . Thus, lipoprotein nanoplatforms may provide a solution to the biocompatibility problem associated with most synthetic nanodevices.
The overexpression of the LDL receptor (LDLR) relative to normal liver and adrenals by various tumor cell lines (13) has been attributed to the large quantities of cholesterol and fatty acids required for sustaining rapid proliferation. Consequently, LDL particles (Ϸ22 nm in diameter) have long been used as vehicles for the selective delivery of diagnostic and therapeutic agents to tumor cells by LDLR-mediated endocytosis (12, (14) (15) (16) (17) . There are three ways to incorporate diagnostic and therapeutic agents into LDL particles: (i) by intercalation into the phospholipid monolayer (surface-loading) (18), (ii) by reconstitution into the apolar core (core-loading) by a procedure introduced by Krieger et al. (19, 20) , and (iii) by covalent conjugation to the amino acid residues of apolipoprotein B (apoB)-100 (21) .
Although LDL has proven to be a useful vehicle for delivery of lipophilic drugs and diagnostic agents to tumors (22) , its application is largely limited to LDLR-related diseases. Specifically, it has a limited use for cancer therapy because many tumors do not overexpress the LDLR, whereas some normal tissues do. Moreover, a number of other receptors, called ''cancer signatures,'' have proven to be more tumor-specific than LDLR, including Her2͞neu (23), ⌬EGF (24), somatostatin (25) , folate (FA) (26) , and ␣ v ␤ 3 integrins (27) . In this article, we report the development and validation of a general strategy for rerouting the LDL particle to desired receptors, which not only provides a method for targeting cancer cells with greater specificity but also facilitates selective delivery of selected agents to other diseased or normal cells.
The rerouting strategy takes advantage of a highly basic domain that contains Lys residues with an anomalously low pK a value in the receptor-targeting moiety of apoB-100. Of the 357 Lys residues in apoB-100, 225 are exposed on the protein surface, and the remaining 132 Lys side-chain nitrogens are shielded by either lipid-protein or protein-protein interactions (28) . Of the 225 exposed Lys residues, 53 Lys -amino groups are ''active,'' with a low pK a value of 8.9, and 172 Lys are ''normal,'' with a pK a value of 10.5 (28) . As noted, the Lys residues in the receptorbinding region have active -amino groups (pK a ϭ 8.9). Thus, if one titrates apoB-100 with agents that alkylate the Lys -amino groups, the active Lys residues are alkylated first, and when Ϸ20% of the Lys residues are modified, the binding capability of this protein to the LDLR is essentially abolished (28) . By using alkylating groups that target non-LDL receptors [e.g., FA (26) , peptides or peptidomimetics that bind to somatostatin (25) , Her2͞neu (29) , ⌬EGF (24), and ␣ v ␤ 3 integrins (27), etc.], one could both abolish the LDLR-targeting capability of LDL and simultaneously reroute the particle to these alternate receptors.
In the present study, we validate this concept in the case of rerouting the lipoprotein-based nanoplatform (LBNP) (Fig. 1 ) to folate receptors (FRs) on KB cells (26) that naturally overexpress these receptors. As controls, we use CHO (30) and HT-1080 (31) cells that lack FR, and HepG 2 cells (32) that overexpress LDLR. We have chosen FA as the tumor-homing molecule because it has a high affinity (K d Յ 10 Ϫ9 M) for FRs, which are overexpressed in epithelial malignancies such as ovarian, breast, and colorectal cancers (26) . Moreover, when FA is covalently linked to a macromolecule (Յ60 nm) via its ␥-carboxyl moiety, it retains its high affinity for FR (33) .
To demonstrate the ability of LBNP to deliver surface-and core-loaded payloads, we have incorporated tetra-t-butyl-silicon phthalocyanine bisoleate (SiPc-BOA) (34) and 1,1Ј-dioctadecyl-3,3,3Ј,3Ј-tetramethylindocarbocyanine (DiI) (35) , respectively, into the nanoparticles. The structures of SiPc-BOA and DiI are shown in Fig. 2 . SiPc-BOA is a new photodynamic therapy agent for LDL core-loading and is a neutral, lipophilic analog of phthalocyanine 4, a well-known photodynamic therapy agent in clinical trials (36) . Because its central silicon atom allows axial coordination of two oleate moieties, SiPc-BOA is nonaggregatable and highly lipophilic; both properties are essential for achieving high payloads by LDL reconstitution (core-loading) (34) . DiI is a lipid-anchored, carbocyanine-based optical probe known to intercalate into the LDL phospholipid monolayer (surface-loading) (35) . Thus, we were able to demonstrate that LDL nanoparticles carrying diagnostic͞therapeutic agents can be delivered to a cancer-specific receptor that is distinct from its normal receptor, LDLR, and simultaneously abolish delivery to LDLR.
Materials and Methods
Synthesis of Folate-Conjugated LDL. Synthesis of folate-N-hydroxysuccinimide ester. FA dihydrate (54 mg, 113 mol) was dissolved in 1 ml of anhydrous DMSO followed by the addition of 20 l of triethylamine. Then, N-hydroxysuccinimide (NHS) (20 mg, 170 mol) and dicyclohexylcarbodiimide (46 mg, 226 mol) were added, and the reaction mixture was kept at room temperature under argon for 40 h. After removing by-product dicyclohexylurea by filtration, folate-N-hydroxysuccinimide ester (FA-NHS) was precipitated from the concentrated filtrate by using a 5-fold volume excess of anhydrous ether. The yellow FA-NHS precipitate was washed several times with anhydrous ether, dried under high-vacuum conditions, and stored as a powder. Synthesis of r-Pc-LDL and DiI-LDL. LDL, isolated from fresh plasma of healthy donors by sequential ultracentrifugation, as described in ref. 37 , was purchased from Sissel Lund-Katz's laboratory at the Children's Hospital of Philadelphia (Philadelphia). The SiPc-BOA synthesis, its reconstitution into the LDL core, and the characterization of the resulting SiPc-BOA reconstituted LDL (r-Pc-LDL), including reconstitution efficiency, payload, particle size measurement, and LDLR-mediated intracellular uptake, are described in ref. 34 . For the preparation of the LDL surface-loaded with DiI (DiI-LDL), DiI (Molecular Probes) was surface-loaded into LDL by using the method described in refs. 35 and 38. The molar ratios of adduct to protein of Pc͞LDL and DiI͞LDL were 300:1 and 50:1, respectively. Synthesis of the r-Pc-LDL-FA and DiI-LDL-FA conjugate. The pH of r-Pc-LDL or DiI-LDL solutions (5 ml) was increased to 9.4 by dialyzing against the 0.1 M NaH 2 PO 4 ͞0.1 M H 3 BO 3 buffer at 4°C overnight. FA-NHS in anhydrous DMSO was slowly added to this LDL solution (molar ratio of FA-NHS͞LDL ϭ 200:1). The reaction mixture was kept at 4°C for 40 h, centrifuged at 50 ϫ g rpm at 4°C to remove any precipitate from degraded LDL, and subsequently dialyzed against EDTA buffer (0.3 mM EDTA͞ 0.9% NaCl, pH 7.4) at 4°C overnight. Over the course of the dialysis, the pH of the r-Pc-folate-conjugated LDL (r-Pc-LDL-FA) solution or the folate-conjugated DiI-LDL (DiI-LDL-FA) solution returned to 7.4, and unreacted FA-NHS starting materials were eliminated. This dialysis procedure was repeated until no spectrophotometrically detectable free FA was present. The resulting two conjugates, DiI-LDL-FA and r-Pc-LDL-FA, were obtained in 75% and 90% yield, respectively.
Determination of FA Payload of DiI-LDL-FA and r-Pc-LDL-FA. To determine the number of FA molecules attached to each LDL nanoparticle, two standard absorbance curves were generated for FA and LDL in saline at 280 nm. Absorbance measurements were performed using a PerkinElmer Lambda 2 spectrophotometer with standard solutions of free FA (0-4.2 M) and LDL (0-110 nM), respectively. As shown in Fig. 3 , both LDL and free FA exhibited linear correlations between their respective concentrations and absorbances. Because the protein content of LDL-FA particles was determined by Lowry's method (39), the LDL absorbance (A LDL ) was derived on the basis of the LDL standard curve. With A LDL known, the FA absorbance (A FA ) was calculated by using the formula A FA ϭ A LDL-FA Ϫ A LDL , where (30) were purchased from the American Type Culture Collection. Both KB and HT-1080 cells were cultured in Eagle's MEM supplemented with 2 mM L-glutamine, 17.9 mM sodium bicarbonate, 0.1 mM nonessential amino acids, 1.0 mM sodium pyruvate, and 10% FBS. CHO cells were cultured in Ham's F-12K medium with 2 mM L-glutamine, 17.9 mM sodium bicarbonate, and 10% FBS. HepG 2 cells (human hepatoblastoma G 2 ; LDLR ϩ ) (32), a generous gift from Theo van Berkel's laboratory at the University of Leiden (Leiden, The Netherlands), were cultured in DMEM supplemented with 10% FBS and 100 units͞ml penicillin-streptomycin. All cells were grown at 37°C in a humidified atmosphere containing 5% CO 2 .
Confocal Microscopic Studies. Cells were grown for 3 days in four-well Lab-Tek chamber slides. After three quick washes with ice-cold PBS, experiments were initiated by adding FA-deficient RPMI medium 1640 (Invitrogen) containing 0.38 M FAconjugated LDL. After a 4-h incubation at 37°C, cells were washed five times with ice-cold PBS containing 0.8% BSA and two times with PBS alone and then fixed for 20 min with 2% formaldehyde in PBS at room temperature. Chamber slides were then mounted and sealed for confocal microscopic analysis with a Leica TCS SPII laser scanning confocal microscope. Filter settings were 633 nm for r-Pc-LDL and 488 nm for DiI-LDL, respectively.
Flow Cytometry Studies. KB cells (Ϸ5 ϫ 10 5 ) were seeded in each T25 flask 2 days before the experiments were performed. On the day of the experiment, cells were washed twice with FA-deficient RPMI medium 1640. Then, 1.5 ml of FA-deficient medium was added to each flask. Cells were then incubated with LDL-FA under these conditions, except for the competitive inhibition assay, which required adding different concentrations of free FA or LDL to the medium as inhibitors. At the end of the incubation period for all experiments, the medium was aspirated, and the cells were washed three consecutive times with 2 ml of ice-cold
Electron Microscopy Studies. Electron microscopy was used to determine the morphology and the size of the aqueous dispersion of nanoparticles with a JEOL JEM 1010 electron microscope equipped with a charge-coupled device camera (Hamamatsu, Middlesex, NJ) at 80 kv by using AMT 12-HR software (Advanced Microscopy Technique, Danvers, MA). Thus, 5 l of lipoprotein nanoparticle suspension was placed on carbon-coated 200-mesh copper grids and allowed to stand for 5 min. The excess sample was removed with lens paper, and 2% saturated aqueous uranyl acetate was applied to the grid in five consecutive drops within 20 s. The stain was then drained off with filter paper, and the grid was air dried before taking the digital images. All electron microscopy supplies were purchased from Electron Microscopy Sciences (Fort Washington, PA).
Results
To synthesize LDL-FA conjugates, LDL was first labeled with DiI by surface-loading or with SiPc-BOA by core-loading. This labeling produced two functionalized LDL particles, DiI-LDL (molar ratio, 50:1) and r-Pc-LDL (molar ratio, 300:1). Conjugation of FA to the Lys residues of apoB-100 yielded two LBNP particles, DiI-LDL-FA and r-Pc-LDL-FA, with molar ratios of 50:1:170 and 300:1:170, respectively. Electron microscopy studies revealed a moderate increase in mean particle size (26.12 Ϯ 3.00 nm for DiI-LDL-FA and 24.01 Ϯ 4.30 nm for r-Pc-LDL-FA) compared with native LDL (20.00 Ϯ 2.70 nm).
Attaching multiple copies of FA to the Lys residues was critical because it is known that 20% side-chain alkylation (by reductive methylation) of the Lys residues of apoB-100 is required to abolish the binding of these modified LDL particles to the LDLR. Thus, attachment of 170 FA molecules per LDL particle to both DiI-LDL-FA and r-Pc-LDL-FA, which is equivalent to Ϸ50% modification of total Lys residues, should effectively block LDLR binding. Moreover, because FA is known for its ability to direct macromolecules (Յ60 nm) to cancer cells via FR (33) , it is anticipated that FA can also direct both LBNP nanoparticles to FR-expressing cancer cells.
To validate the LDL rerouting strategy, confocal microscopy and flow cytometry studies were performed. First, FR-mediated uptake of DiI-LDL-FA was tested in KB cells (FR ϩ ). As expected, confocal images showed strong accumulation of DiI-LDL-FA throughout the whole cell except for the nucleus (Fig.  4A2) . To determine the FR-specificity of DiI-LDL-FA, three sets of control experiments were performed yielding the following data: (i) An excess of free FA, the native ligand of FR, completely blocked the uptake of DiI-LDL-FA by FR ϩ KB cells (Fig. 4A3) , whereas an excess of native LDL had no effect on DiI-LDL-FA uptake (Fig. 4A4); (ii) no DiI-LDL-FA uptake was observed in both FR Ϫ CHO and HT-1080 cells (Fig. 4 B6 and  B8) ; and (iii) in sharp contrast to the strong accumulation of DiI-LDL in HepG 2 cells (LDLR ϩ ) (Fig. 4C11) , no accumulation of DiI-LDL-FA was observed in HepG 2 cells (Fig. 4C10) , indicating blockage of DiI-LDL-FA binding to LDLR.
To evaluate the binding specificity of DiI-LDL-FA for FR, flow cytometric assays were performed on the KB cells (FR ϩ ). The results demonstrated both a concentration-dependent uptake of DiI-LDL-FA (Fig. 5 Upper) and a concentrationdependent inhibition of DiI-LDL-FA uptake by free FA (Fig. 5 Lower). Taken together, these data indicate that DiI-LDL-FA uptake in KB cells (FR ϩ ) is FR-specific, and FA conjugation reroutes LDL from LDLR to FR.
Similarly, FR-specific uptake of r-Pc-LDL-FA by KB cells was also confirmed. Briefly, r-Pc-LDL-FA emitted strong fluores- 
cence in FR
ϩ cells (KB) (Fig. 6, 2) but not in FR Ϫ cells (CHO) (Fig. 6, 6 ). This fluorescent signal was inhibited by free FA (Fig.  6, 3) but not by native LDL (Fig. 6, 4) . Although r-Pc-LDL produced strong fluorescence in LDLR ϩ cells (HepG 2 ) (Fig. 6,  9) , incorporating multiple FA moieties in the LDL led to a diminished fluorescence signal in these cells (Fig. 6, 8 ). These data demonstrate that FA conjugation reroutes r-Pc-LDL-FA from LDLR to FR.
To validate the LBNP concept in vivo, preliminary imaging studies of the near-infrared, dye-labeled LDL-FA were performed on a nude mouse bearing KB and HT-1080 tumors on its opposite flanks. Selective accumulation of LBNP in the KB tumor compared with the HT-1080 tumor was observed (data not shown). Further detailed in vivo studies are needed.
Discussion
This study demonstrates that alkylation of the Lys side-chain amino groups of apoB-100 with FA groups can be used to block delivery of LDL to its natural receptor and reroute this protein to the FR. Presumably, a similar strategy could be used to reroute other lipoprotein conjugates to tumor-specific or other disease-specific receptors.
Mechanism Underlying Selective Alkylation of Lys -Amino Groups.
ApoB-100 of LDL is among the largest proteins known, with 4,536 amino acids and a molecular mass of 550 kDa. Two clusters of basic amino acids (site A, residues 3147-3157; site B, 3359-3367) appear to be involved in binding to anionic sites on the receptors (40) . There is a general consensus that site B is involved in binding, but some controversy exists over the role of site A (41). The highly conserved B site has a striking homology to the receptor-binding site of apoE, a much smaller apolipoprotein (299 residues) in which the structure and interactions with the LDLR are currently being defined by physicochemical methods (42) (43) (44) (45) (46) .
The sequences of these putative receptor-binding sites suggest that the anomalously low pK a value of the active Lys residues at the receptor-binding site can be attributed to their proximity to nearby cationic Lys and Arg side chains in which positive charges facilitate proton release from the Lys -amino groups. A decrease in the local dielectric constant could also lower the pK a value of the Lys side chains, but this mechanism seems unlikely in view of the surface exposure of these residues. Similar electrostatic effects are believed to be responsible for the low pK a value of the other active Lys residues of apoB-100. Both apoB-100 and apoE bind to the same receptor site on LDLR. Recombinant LDL retained normal receptor binding when site B of apoB-100 was replaced by the receptor-binding sequence of apoE (47) . Electrostatic interactions with anionic domains on the receptor appear to be essential for binding to the LDLR (48, 49) . These clusters of cationic side chains on both apoB-100 and apoE can be blocked by binding heparin (28, 47) , which could provide another pathway for blocking LDLR binding. It is also noteworthy that familial defective apoB-100, one of the most common genetic abnormalities known, is caused by a mutation of apoB-100 (R3500Q) that does not involve a cationic cluster but is in proximity to site B (50) . This site appears to form a salt-bridge to the C-terminal group that blocks access of the receptor to site B when Arg 3500 is replaced by glutamine (Q) or tryptophan (W) (47, 51) . The interaction with the C-terminal group seems stereospecific because the replacement of Arg by Lys did not restore receptor binding and Arg is highly conserved at this sequence position over many species (47) . In contrast, familial hypercholesteremia is caused by mutations in LDLR.
Potential Applications of Directed LBNPs. The lipoproteins offer a number of key advantages as natural nanoparticle platforms: they are completely biodegradable and nonimmunogenic; they come in various sizes and densities; and they contain components that can be chemically modified or to which drugs or diagnostic agents can readily be attached by physical or chemical manipulation. The key limitation of lipoproteins is that they are targeted to lipoprotein receptors that are systemically distributed among various organs and tissues. Consequently, specificity for diseased cells or specific tissues is difficult to achieve. In this article, we have presented evidence that this limitation can be overcome by blocking the lipoprotein receptor by preferential alkylation of active Lys side chains at the receptor-binding site. Alternatively, receptor binding might be capped or blocked by coordination to a suitable inhibitor, like heparin in the case of LDL or apoE (37) , although such capping might only provide transient blockage of normal receptor binding. The particles can be rerouted to alternate receptors by attachment of appropriate targeting molecules. We have demonstrated this principle with folate, but examples of targeting somatostatin (25) , Her2͞neu (29, 52) , ⌬EGF (24), ␣ v ␤ 3 integrins (27), etc. have been reported in the literature and should be applicable to lipoproteins.
As noted above, the LBNPs have been used for delivery of near-infrared f luorophores (35, 53, 54) , photodynamic therapy agents (32, 34) , MRI agents (ref. 55; I. Corbin, H.L., J.C., J.D.G., and G.Z., unpublished data), and PET͞SPECT agents (18, 21) to tumor cells that overexpress LDLR, and their binding was monitored by noninvasive imaging methods. This approach could be extended to ultrasound and bioluminescent probes as well as quantum dots. To date, MRI detection of these particles has been accomplished only with Gd chelates with lipophilic appendages that intercalate into the phospholipid monolayer (ref. 55; I. Corbin, H.L., J.C., J.D.G., and G.Z., unpublished data). Bifunctional Gd chelates containing f luorescent dyes that facilitate in vitro tracking by confocal microscopy have also been developed (55) . A major limitation to such agents is the limited number of Gd chelates that can be attached to the phospholipid monolayer; thus, the relaxation enhancement provided by these agents is limited. Incorporation of ferromagnetic particles into lipoproteins might be advantageous and needs to be explored.
Potential Problems with Rerouted LBNPs. During this study, rerouting of LDL to FR has been achieved by alkylation of Ϸ50% of the exposed Lys side chains. Nevertheless, such high levels of FA labeling could compromise one of the key advantages of the LBNPs, their immunocompatibility. If immunogenicity is encountered, it could be minimized by lowering the extent of FA conjugation and͞or by PEGylating the particle. Higher levels of alkylation of apoB-100 could also interfere with receptor binding, which might be recovered through the use of appropriate linkers. Future studies must be directed toward determining the effect of Lys side-chain alkylation on lipoprotein immunogenicity, delineation of the minimal degree of alkylation required for rerouting of the particles, and the effect of multiple targeting ligands on the affinity of LBNPs for cell surface receptors.
The amount of folate required to achieve a desired fraction of alkylated Lys side chains can be determined empirically by measuring LDL-FA absorbance and performing a protein assay by Lowry's method (39) , but the relationship between the extent of folate conjugation and receptor affinity and the rate of endocytosis has yet to be determined. This relationship will have to be determined for each potential targeting group for various receptors.
Modified LDL may bind to the remnant receptor in the liver (56) . The extent of such binding will have to be determined because it will compete with cell-surface receptors (e.g., FR) for binding of modified LDL particles.
Extension of Platform to Other Lipoproteins.
There are a number of reasons why other lipoproteins, particularly HDL may be preferable to LDL for targeted delivery of diagnostic and therapeutic agents. The smaller size of HDL (7-12 nm) compared with LDL (Ϸ22 nm) should make it more permeable to vascular membranes. In addition, HDL can be prepared from recombinant proteins and synthetic lipids (12) and is well tolerated by humans (57) . The principal apolipoprotein of human HDL, ApoA-I, contains 243 amino acid residues in a single polypeptide chain that is Ϸ55% and 75% ␣-helical in the lipid-free and lipid-associated states, respectively. There are 21 Lys residues with one additional N-terminal Lys. The majority (86%, 18 of 21) of Lys residues in lipid-free apoA-I seem highly exposed to the solvent and, as such, exhibit a normal pK a value of 9.9-10.4. Once apoA-I is bound to the lipid, however, only 57% (12 of 21) to 67% (14 of 21) of Lys residues have a normal pK a value; the rest are active Lys residues. Thus, selective alkylation of Lys -amino groups on ApoA-I is possible and may be used to reroute HDL to selected disease-specific receptors. Also, HDL does not undergo endocytosis as LDL does but transfers cholesterol and lipids to the target cell after attachment to cell surface receptors (58, 59) .
In summary, LBNPs provide a highly versatile biocompatible natural platform for diagnosis and therapy of cancer and various diseases. The feasibility of rerouting these particles to receptors other than their normal receptors has been demonstrated with LDL by targeting this lipoprotein to FRs instead of to LDLR. This principle should be applicable to other lipoproteins, particularly HDL-based particles. Potential applications of these agents include using them for delivering drugs to specific tumors and combining them with various imaging modalities for cancer diagnosis, for monitoring gene expression, and for stem cell tracking.
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